
    
      Fig. 1 

      
        [image: thumbnail]
      

      
            Panel a): RV dataset for HD 108874. Green dots: HIRES at Keck; orange dots: HRS at HET; blue dots: HARPS-N at TNG; black solid line: global fit of the three sets. Panel b): RV time series for HARPS-N data only. Panel c): residuals after the subtraction of the two planets fit. 

          

    

  
    
      Fig. 4 

      
        [image: thumbnail]
      

      
              Upper panels: periodograms of the [image: equation] (with S/N> 20) and of the Hα indices for HARPS-N data. The red solid line indicates the 40.2 d period, the red dotted lines represent its 1st, 2nd and the 3rd harmonics; the blue dotted line indicates the period of planet b. Lower panels: correlation with the RV residuals. 

            

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
              Periodograms of the asymmetry indicators as derived by the HARPS-N pipeline (BVS) and Lanza et al. (in prep; ΔV, Vasy(mod)). Red solid and dotted lines represent the assumed Prot and its 1st, 2nd and the 3rd harmonics, respectively, while the blue dotted line indicates the period of planet b. 

            

    

  
    
      Fig. 6 

      
        [image: thumbnail]
      

      
              Left upper panel: original time series of the CCF FWHM, showing the trend due to the defocusing. Left lower panel: residuals of the CCF FWHM after the subtraction of the fit. Right panel: periodogram of the residual CCF FWHM. The red solid line represents the Prot, the dotted lines represent its 1st, 2nd and the 3rd harmonics. 

            

    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
              Upper limits of the minimum mass of possible planetary companions to the HD 108874 system, evaluated with a 99.9% confidence level. Stable regions for an Earth mass planet are defined by grey areas; the vertical dashed line indicates the orbital period of planet b. 

            

    

  
    Table A.1 

               Time series of the HARPS-N spectra for HD 108874.

            
              
                	BJDUTC – 2 450 000
                	RV
                	RVErr
                	BVS
                	BVSErr
                	
                  [image: equation]
                
                	
                  [image: equation]
                
                	Hα
                	HαErr
              

              
                	
                	[km s-1]
                	[km s-1]
                	[km s-1]
                	[km s-1]
                	
                	
                	
                	
              

              
                	
                  

                
              

              
                	6266.775614
                	–30.0006
                	0.0006
                	–0.0337
                	0.0011
                	–5.0542
                	0.0050
                	0.1964
                	0.0003 
              

              
                	6288.760070
                	–30.0026
                	0.0009
                	–0.0353
                	0.0017
                	–5.0497
                	0.0100
                	0.1955
                	0.0008 
              

              
                	6297.779734
                	–30.0175
                	0.0014
                	–0.0385
                	0.0027
                	–4.9875
                	0.0185
                	0.1955
                	0.0007 
              

              
                	6298.746416
                	–30.0140
                	0.0005
                	–0.0336
                	0.0010
                	–5.0605
                	0.0045
                	0.1959
                	0.0003 
              

              
                	6299.685758
                	–30.0171
                	0.0004
                	–0.0368
                	0.0009
                	–5.0555
                	0.0035
                	0.1968
                	0.0003 
              

              
                	6305.775108
                	–30.0195
                	0.0005
                	–0.0345
                	0.0010
                	–5.0649
                	0.0049
                	0.1961
                	0.0004 
              

              
                	6324.745051
                	–30.0251
                	0.0012
                	–0.0384
                	0.0024
                	–5.0072
                	0.0159
                	0.1953
                	0.0007 
              

              
                	6324.813447
                	–30.0249
                	0.0008
                	–0.0316
                	0.0016
                	–5.0202
                	0.0080
                	0.1995
                	0.0005 
              

              
                	6344.655959
                	–30.0420
                	0.0004
                	–0.0353
                	0.0009
                	–5.0424
                	0.0036
                	0.1962
                	0.0003 
              

              
                	6345.557661
                	–30.0451
                	0.0006
                	–0.0321
                	0.0012
                	–5.0386
                	0.0062
                	0.1964
                	0.0003 
              

              
                	6362.640907
                	–30.0451
                	0.0004
                	–0.0374
                	0.0009
                	–5.0504
                	0.0038
                	0.1988
                	0.0003 
              

              
                	6363.649495
                	–30.0442
                	0.0005
                	–0.0363
                	0.0011
                	–5.0549
                	0.0049
                	0.1960
                	0.0003 
              

              
                	6364.676554
                	–30.0460
                	0.0005
                	–0.0389
                	0.0011
                	–5.0476
                	0.0048
                	0.1968
                	0.0003 
              

              
                	6365.679606
                	–30.0477
                	0.0005
                	–0.0355
                	0.0010
                	–5.0347
                	0.0044
                	0.1966
                	0.0003 
              

              
                	6366.546255
                	–30.0501
                	0.0011
                	–0.0324
                	0.0022
                	–5.0701
                	0.0150
                	0.1995
                	0.0007 
              

              
                	6375.557854
                	–30.0540
                	0.0009
                	–0.0383
                	0.0017
                	–5.0353
                	0.0098
                	0.1967
                	0.0005 
              

              
                	6376.556491
                	–30.0521
                	0.0005
                	–0.0348
                	0.0010
                	–5.0531
                	0.0042
                	0.1959
                	0.0003 
              

              
                	6379.619984
                	–30.0550
                	0.0006
                	–0.0346
                	0.0012
                	–5.0501
                	0.0057
                	0.1960
                	0.0003 
              

              
                	6380.611045
                	–30.0558
                	0.0009
                	–0.0366
                	0.0017
                	–5.0430
                	0.0109
                	0.1968
                	0.0005 
              

              
                	6382.656900
                	–30.0546
                	0.0005
                	–0.0369
                	0.0009
                	–5.0488
                	0.0039
                	0.1983
                	0.0002 
              

              
                	6398.553192
                	–30.0536
                	0.0007
                	–0.0343
                	0.0015
                	–5.0761
                	0.0085
                	0.1962
                	0.0005 
              

              
                	6399.504679
                	–30.0494
                	0.0017
                	–0.0369
                	0.0034
                	–5.1361
                	0.0372
                	0.1996
                	0.0009 
              

              
                	6404.538609
                	–30.0506
                	0.0007
                	–0.0340
                	0.0015
                	–5.0350
                	0.0073
                	0.1967
                	0.0004 
              

              
                	6407.620984
                	–30.0504
                	0.0007
                	–0.0329
                	0.0013
                	–5.0365
                	0.0069
                	0.1987
                	0.0003 
              

              
                	6408.661413
                	–30.0494
                	0.0009
                	–0.0357
                	0.0018
                	–5.0486
                	0.0118
                	0.1960
                	0.0004 
              

              
                	6418.483200
                	–30.0496
                	0.0013
                	–0.0314
                	0.0026
                	–5.0992
                	0.0216
                	0.1982
                	0.0007 
              

              
                	6428.371051
                	–30.0499
                	0.0005
                	–0.0326
                	0.0009
                	–5.0741
                	0.0039
                	0.1958
                	0.0003 
              

              
                	6430.401707
                	–30.0475
                	0.0005
                	–0.0344
                	0.0010
                	–5.0863
                	0.0044
                	0.1957
                	0.0003 
              

              
                	6483.375117
                	–30.0103
                	0.0010
                	–0.0314
                	0.0020
                	–5.0603
                	0.0129
                	0.1981
                	0.0007 
              

              
                	6483.378856
                	–30.0106
                	0.0012
                	–0.0328
                	0.0024
                	–5.0714
                	0.0169
                	0.1993
                	0.0008 
              

              
                	6483.382709
                	–30.0118
                	0.0012
                	–0.0289
                	0.0024
                	–5.0736
                	0.0175
                	0.1976
                	0.0008 
              

              
                	6616.763764
                	–30.0084
                	0.0010
                	–0.0363
                	0.0021
                	–5.0226
                	0.0130
                	0.1958
                	0.0005 
              

              
                	6617.783186
                	–30.0085
                	0.0006
                	–0.0292
                	0.0013
                	–5.0470
                	0.0065
                	0.1958
                	0.0003 
              

              
                	6618.749862
                	–30.0094
                	0.0006
                	–0.0359
                	0.0012
                	–5.0502
                	0.0061
                	0.1969
                	0.0003 
              

              
                	6655.743085
                	–30.0243
                	0.0024
                	–0.0354
                	0.0049
                	–4.8748
                	0.0359
                	0.1975
                	0.0013 
              

              
                	6693.806103
                	–30.0448
                	0.0006
                	–0.0349
                	0.0012
                	–5.0367
                	0.0059
                	0.1958
                	0.0003 
              

              
                	6698.600386
                	–30.0445
                	0.0007
                	–0.0341
                	0.0013
                	–5.0318
                	0.0066
                	0.1953
                	0.0003 
              

              
                	6728.754863
                	–30.0602
                	0.0006
                	–0.0327
                	0.0013
                	–5.0500
                	0.0070
                	0.1958
                	0.0003 
              

              
                	6762.528858
                	–30.0741
                	0.0006
                	–0.0349
                	0.0011
                	–5.0648
                	0.0056
                	0.1988
                	0.0004 
              

              
                	6763.510519
                	–30.0760
                	0.0008
                	–0.0351
                	0.0015
                	–5.0624
                	0.0091
                	0.1961
                	0.0005 
              

              
                	6764.391997
                	–30.0752
                	0.0019
                	–0.0315
                	0.0038
                	–5.0981
                	0.0408
                	0.1954
                	0.0010 
              

              
                	6768.504113
                	–30.0763
                	0.0022
                	–0.0466
                	0.0043
                	–5.0081
                	0.0431
                	0.1974
                	0.0011 
              

              
                	6769.460455
                	–30.0740
                	0.0006
                	–0.0356
                	0.0012
                	–5.0462
                	0.0060
                	0.1975
                	0.0003 
              

              
                	6775.416283
                	–30.0777
                	0.0007
                	–0.0302
                	0.0014
                	–5.0650
                	0.0084
                	0.1944
                	0.0004 
              

              
                	6783.519267
                	–30.0821
                	0.0005
                	–0.0325
                	0.0010
                	–5.0469
                	0.0046
                	0.1974
                	0.0003 
              

              
                	6784.454691
                	–30.0830
                	0.0004
                	–0.0331
                	0.0009
                	–5.0525
                	0.0042
                	0.1980
                	0.0003 
              

              
                	6785.460630
                	–30.0825
                	0.0008
                	–0.0345
                	0.0015
                	–5.0496
                	0.0092
                	0.1963
                	0.0005 
              

              
                	6786.544167
                	–30.0853
                	0.0007
                	–0.0292
                	0.0014
                	–5.0458
                	0.0083
                	0.1978
                	0.0004 
              

              
                	6798.390881
                	–30.0766
                	0.0004
                	–0.0355
                	0.0009
                	–5.0593
                	0.0039
                	0.1957
                	0.0003 
              

              
                	6799.439721
                	–30.0773
                	0.0005
                	–0.0367
                	0.0010
                	–5.0459
                	0.0049
                	0.1958
                	0.0003 
              

              
                	6800.432767
                	–30.0769
                	0.0005
                	–0.0350
                	0.0010
                	–5.0605
                	0.0050
                	0.1977
                	0.0003 
              

              
                	6801.391509
                	–30.0766
                	0.0004
                	–0.0335
                	0.0009
                	–5.0616
                	0.0039
                	0.1975
                	0.0003 
              

              
                	6802.404274
                	–30.0783
                	0.0007
                	–0.0349
                	0.0015
                	–5.0680
                	0.0090
                	0.1951
                	0.0004 
              

              
                	6803.408011
                	–30.0776
                	0.0008
                	–0.0321
                	0.0016
                	–5.0565
                	0.0103
                	0.1947
                	0.0005 
              

              
                	6817.431312
                	–30.0699
                	0.0004
                	–0.0345
                	0.0009
                	–5.0382
                	0.0040
                	0.1953
                	0.0003 
              

              
                	6818.451326
                	–30.0681
                	0.0005
                	–0.0330
                	0.0010
                	–5.0311
                	0.0046
                	0.1952
                	0.0003 
              

              
                	6819.429828
                	–30.0701
                	0.0005
                	–0.0324
                	0.0011
                	–5.0373
                	0.0050
                	0.1946
                	0.0003 
              

              
                	6819.502159
                	–30.0690
                	0.0006
                	–0.0351
                	0.0012
                	–5.0209
                	0.0063
                	0.1970
                	0.0003 
              

              
                	6820.418328
                	–30.0682
                	0.0006
                	–0.0294
                	0.0012
                	–5.0330
                	0.0061
                	0.1976
                	0.0003 
              

              
                	6821.466533
                	–30.0672
                	0.0011
                	–0.0263
                	0.0021
                	–5.0539
                	0.0164
                	0.1974
                	0.0006 
              

              
                	6858.394236
                	–30.0497
                	0.0007
                	–0.0302
                	0.0014
                	–5.0397
                	0.0083
                	0.1967
                	0.0003 
              

              
                	6859.400003
                	–30.0494
                	0.0008
                	–0.0308
                	0.0016
                	–5.0472
                	0.0098
                	0.1973
                	0.0004 
              

              
                	6860.381757
                	–30.0491
                	0.0005
                	–0.0333
                	0.0010
                	–5.0516
                	0.0050
                	0.1955
                	0.0003 
              

              
                	6986.762130
                	–30.0201
                	0.0006
                	–0.0345
                	0.0012
                	–5.0519
                	0.0071
                	0.1958
                	0.0004 
              

              
                	7011.746428
                	–30.0177
                	0.0005
                	–0.0330
                	0.0010
                	–5.0466
                	0.0046
                	0.1966
                	0.0003 
              

              
                	7027.636657
                	–30.0290
                	0.0011
                	–0.0293
                	0.0022
                	–5.0626
                	0.0188
                	0.1954
                	0.0006 
              

              
                	7028.663761
                	–30.0283
                	0.0007
                	–0.0320
                	0.0013
                	–5.0508
                	0.0078
                	0.1961
                	0.0004 
              

              
                	7069.717576
                	–30.0439
                	0.0010
                	–0.0318
                	0.0021
                	–5.0433
                	0.0151
                	0.1966
                	0.0006 
              

              
                	7075.792096
                	–30.0425
                	0.0009
                	–0.0332
                	0.0018
                	–5.0332
                	0.0125
                	0.1956
                	0.0005 
              

              
                	7095.461326
                	–30.0531
                	0.0008
                	–0.0334
                	0.0015
                	–5.0522
                	0.0094
                	0.1981
                	0.0004 
              

              
                	7097.461977
                	–30.0533
                	0.0007
                	–0.0338
                	0.0015
                	–5.0571
                	0.0096
                	0.1962
                	0.0005 
              

              
                	7099.486939
                	–30.0570
                	0.0007
                	–0.0372
                	0.0014
                	–5.0522
                	0.0083
                	0.1953
                	0.0004 
              

              
                	7108.714635
                	–30.0623
                	0.0011
                	–0.0363
                	0.0023
                	–5.0437
                	0.0183
                	0.1953
                	0.0006 
              

              
                	7117.454735
                	–30.0603
                	0.0005
                	–0.0334
                	0.0010
                	–5.0515
                	0.0051
                	0.1950
                	0.0003 
              

              
                	7118.479650
                	–30.0610
                	0.0006
                	–0.0362
                	0.0013
                	–5.0491
                	0.0074
                	0.1951
                	0.0004 
              

              
                	7119.455723
                	–30.0686
                	0.0014
                	–0.0334
                	0.0028
                	–5.0352
                	0.0235
                	0.1963
                	0.0009 
              

              
                	7120.443969
                	–30.0665
                	0.0011
                	–0.0364
                	0.0021
                	–5.0226
                	0.0156
                	0.1951
                	0.0005 
              

              
                	7123.523025
                	–30.0605
                	0.0009
                	–0.0318
                	0.0018
                	–5.0628
                	0.0127
                	0.1970
                	0.0006 
              

              
                	7137.632750
                	–30.0681
                	0.0006
                	–0.0276
                	0.0012
                	–5.0440
                	0.0065
                	0.1985
                	0.0003 
              

              
                	7139.580028
                	–30.0758
                	0.0007
                	–0.0325
                	0.0014
                	–5.0586
                	0.0081
                	0.1955
                	0.0004 
              

              
                	7140.588987
                	–30.0741
                	0.0008
                	–0.0303
                	0.0016
                	–5.0475
                	0.0103
                	0.1978
                	0.0004 
              

              
                	7148.463238
                	–30.0808
                	0.0006
                	–0.0334
                	0.0012
                	–5.0732
                	0.0068
                	0.1962
                	0.0004 
              

              
                	7153.443246
                	–30.0750
                	0.0007
                	–0.0310
                	0.0014
                	–5.0498
                	0.0078
                	0.1954
                	0.0004 
              

              
                	7154.460859
                	–30.0770
                	0.0010
                	–0.0347
                	0.0021
                	–5.0649
                	0.0158
                	0.1953
                	0.0005 
              

              
                	7156.425289
                	–30.0770
                	0.0010
                	–0.0342
                	0.0019
                	–5.0570
                	0.0132
                	0.1953
                	0.0004 
              

              
                	7177.491528
                	–30.0810
                	0.0006
                	–0.0344
                	0.0011
                	–5.0695
                	0.0063
                	0.1975
                	0.0003 
              

              
                	7203.450604
                	–30.0766
                	0.0009
                	–0.0345
                	0.0019
                	–5.0659
                	0.0144
                	0.1949
                	0.0005 
              

              
                	7204.410543
                	–30.0767
                	0.0009
                	–0.0319
                	0.0018
                	–5.0563
                	0.0127
                	0.1940
                	0.0004 
              

              
                	7205.401614
                	–30.0768
                	0.0005
                	–0.0368
                	0.0010
                	–5.0743
                	0.0049
                	0.1953
                	0.0003 
              

              
                	7207.394565
                	–30.0793
                	0.0008
                	–0.0332
                	0.0015
                	–5.0887
                	0.0103
                	0.1969
                	0.0004 
              

              
                	7209.431218
                	–30.0763
                	0.0008
                	–0.0321
                	0.0017
                	–5.0722
                	0.0125
                	0.1965
                	0.0005 
              

            


              Notes. The table includes: radial velocity (RV), bisector span (BVS), [image: equation] and Hα indices with the corresponding uncertainties.
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